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To the Frincipal Investigator, G. K. C. Clarke: 
¢ 
PRELIMINARY REPORT OF 1974 FIELD GLACIOLOGICAL PROGRAM 


sam G. Collins, Party. Chief 


This report concerns field work performed between 27 June 
and 27 August, 1974, in the Steele Glacier area, St. Elias Mts., 
Yukon Territory. The four glaciers on which work was done are, 
specifically, Steele Glacier (Canadian Glacier Inventory number 
4#QCAJO48), Rusty Glacier (#4*9CAJ091), Backe Glacier (#4*9CAJ092), 
and Trapridge Glacier (#4*9CAJ093). 

The field party included, in addition to the Party Chief, 
three assistants: Mr. Tim (Dexter) Tight, 2744 Steiner Street, 

San Francisco, California 94123; Mr. Mark Smith, 114 Tyringham 
Road, Rochester, New York 14617; and Mr. Mark Berkstresser, 

R.R. 1 Box 180, Monte Vista, Colorado 81144. Many thanks are due 
these three young men, who worked hard and skillfully in the pro- 
ject's interest, without the customary inducement of salary; it 
is very largely to them that credit for the accomplishment of the 
summer belongs. 

In addition to the Principal Investigator's grant funds through 
the University of British Columbia, support for the project was 
provided by the Arctic Institute of North America in the form of 
equipment, logistic assistance, radio service and field rations; 
Dr. W. A. Wood generously provided additional helicopter time; Mr. 
Berkstresser's expenses and travel were provided by scholarship 
grants from the Boy Scouts of America and the Explorers Club of 
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“ HAZARD LAKE MAPPING AND BATHYMETRY: 

Work was begun on the Hazard’ Lake mapping program immediately 
On arrival in the field, 2 July, and finished 7 July. It is of 
Peeeitne. interest that the lake was still about 60% ice covered at 
our first sight of it, but after three nights of light rain and 
sunny days it became essentially free of ice, except for large bergs 
that continually formed by calving off from the glacier ice-dam.,. 
Ice gave no serious impediment to the sounding or mapping operations. 

A plane table map of the lake perimeter was prepared first. 
For convenience in mapping, a scale of approximately 1/4800 was 

selected. Two plane panies at opposite ends of base lines were 
employed for rapidity and all map points were determined by the 
intersection of lines simultaneously observed at both instrument 
positions to identical targets. For the bathymetry, an inflatable 
canoe Was used and line soundings were made at 90 data points more 
or less randomly distributed over the lake area, Two "handi-talky" 
radio sets proved invaluable in this Operation, as it would have 
been extremely difficult, without them, for the boat operator to 
let the two surveyors know exactly when they were to record his 
position. 

The data obtained permit construction of a bathymetric contour 
map with 5m contour intervals. In general, it shows that the lake, 
oriented more or less east-west, deepens rather regularly from the 
mouth of Hazard Creek (at the west end) eastward toward the ice dam. 
The maximum depth sounded was 38.7m. Because of danger from the 
‘Calving ice-face at the east end of the lake, an imposing vertical 


jWall 15m to 30m high, we did not approach it closely; depths greater 
% 


than ca 40m shown on the map by dashed contours are based on reason- 
able extrapolation and consideration of land-surface slope shown 

on small scale pre-surge maps of Steele Valley. Volume of the lake 
calculated from the map should be reasonably accurate, at a guess 
no further in error than 15%. 

Since 1968, by which time very little motion persisted in the 
Steele Glacier ice against which Hazard Lake waters are impounded, 
an arcuate embayment of considerable size has developed by calving 
of the stationary glacier ice into the lake. With each subtraction 
of a6 from the glacier dam, not only does the lake become larger 
in area, but (presumably) deeper as well, and thus greater in volume, 
It is reasonable to suspect that the lake may drain catastrophically 
if this process continues to the point where hydraulic head at the 
more-and-more deeply submerged glacier bottom comes to equal, or ex- 
ceeds, the static head of the ice column forming the dam. It is of 
obvious interest to know the volume of water that is potentially 
injectable into Steele Creek and the Donjek River in the few hours 
of a glacial lake outburst. It is also intriguing to Speculate on 
the possibility of forecasting the date of a potential outburst; 
this would certainly require a reliable estimate of the rate of 
retreat of the calving ice front and reliable knowledge of the top- 
ography of both the valley bottom downstream from the lake and the 


glacier surface in the same area. Fragare 2 [= py eas 
at 


STEELE GLACIER: 
In preparation for future geophysical investigations and to 
facilitate precise monitoring of glacier movements, an array of 19 


survey targets was deployed on the glacier surface. Twelve targets 
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were placed in line, about a kilometer apart, more or less along pest, 
midline of the glacier and below the firnline; seven other targets 
were deployed in two cross-glacier traverses. The positions ehigg ah y 
but two of the targets were determined by surveys. 

The targets were designed to be free-standing, requiring no 3 
drilling. Each is a tetrapod constructed of two 20 ft x 3 in aluminum 
pipes, each bent through an angle of ca. pnkevad secured together at 
the bend by a 1/2 in steel bolt. The tetrapods are strong enough to 
support three men, stand on any surface with one leg erect, and form 
ie Peeinctive target about 13 ft high. We found them fairly easy to 
fabricate, rather difficult to transport, very easy and quick to 
assemble on the ice, and relatively distinct and easily seen through 
the telescope of the surveying instrument. Twenty were prepared, but 
one was lost when it broke its lanyard and fell from the helicopter. 
One was damaged in a similar fall from altitude, but it was salvaged 
and set up jury-rigged. Another was set up jury-rigged because its 
bolt was missing, but it can be erected peoberly in the future. I 
believe the design to be basically practical. Initial fabrication 
of forty leg units (bending and drilling) cost us most of one working 
day at Basecamp, but posed no serious problems. The leg units were 
carried to Burwash and flown from there to the glacier by helicopter; 
this did pose difficulty. The shape of the units makes them aerodynamic 
and very awkward to fly with; they have a strong tendency to oscillate 
and windmill at speeds greater than about 20 mph. In future, an 
effective vane should be fixed to the loaded legs to hold them straight 
in flight. At the glacier, we initially unloaded the legs in two 


caches, planning to distribute them and set them up on foot. We 
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1 and 2, were not surveyed, mostly because of the foul weather that 
affected the last week of our stay in the field. This lack is more 
serious, NS it means one year's movement data cannot be gotten. 
It should be no great problem to survey the two lower targets next 
year. Survey results are being processed currently. 

At two of the target sites, we were able to drill 16m holes and 
emplace in each a length of 1/8 in steel cable to serve as a reference 
against which ablation can be measured, permitting determination of 
vertical ice motion as well as horizontal. It was planned to emplace 
such an ablation reference at each peace midline targets, but this 
was given a low ertority: left till last, and then not done because 


of bad weather. 


RUSTY - BACKE - TRAPRIDGE GLACIERS: 

The period between 1 and 16 August was spent resurveying and 
servicing established target arrays on these three small glaciers. 
Both exhibited much more extensive snowcover and lower firnlines 
than usual. 

Rusty Glacier was last surveyed in the summer of 1971, at 
which time 56 targets were standing. Three years later we found 
42 targets still erect and observable, a surprisingly high survival 
rate considering that there was no servicing of the targets at all 
in the interval. Few of the missing targets seem to have been buried; 
most of those lost were in the Soavumemetns and melted out. A very 
low accumulation rate is implied, and that only in the uppermost 
part of the cirque. Extensions were installed on eight targets and 
four were shortened. All targets appeared very close to the positions 


predicted for surveying purposes, strong evidence that no part of the 
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glacier has changed its rate of flow significantly. 
There have been no targets on the Backe Glacier since 1968. 
Two were installed this year, well up on the surge tongue, below the 
snowline. They ‘are short surface tripods and will serve only for 
measurement of horizontal motion, but may yield some useful information. 
Twenty five targets were observed on the Trapridge Glacier in 
1974, eight less than were seen in its last survey in 1972. No ob- 
vious evidence was noted of accelerated motion on the Trapridge, al- 
though.a number of predicted pole positions did not match observa- 
tions. Snowcover Was unusually heavy and widespread, however, and 
could have concealed considerable new crevasse development. 


Computer processing of survey results is in progress. 
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STEELE GLACIER SURVEYS 1974 and 197 


Sam G. Collins, Party Chief 


Assistants: Tim Ahern, Peter Cary 


Surveying of targets on the ice of Steele Glacier in 1975 
Was accomplished between 28 June and 5 July, inclusive. This 
work recovered targets placed and surveyed between 9 July and 
29 July of 1974. The 1974 survey results are incorporated into 
this report, although the work has been previously reported upon 
in greater detail. 

Surveying in 1975 was restricted to the Steele Glacier 
itself and "Hazard" Lake (an unofficial name applied for use in 
this report only), immediately adjacent to the glacier. Only 
the data pertinent to these areas from the 1974 surveying is 

presented again in this report. 

Target condition was generally acceptable, although ae 
erably more target damage was sustained during the winter than 
had been anticipated or hoped for. Of the 19 targets originally 
deployed, Nos. 1 and 2 (not surveyed in 1974 either) could not 
be located; they may or may not remain undamaged, but are too 
distant from the observation stations occupied to be seen; all 
the rest were observed and located, including No. 12, which was 
not located in 1974. Nos. 6 and 10E were not properly erected 


originally and have collapsed. Nos. 3, 4, and 5 have lost the 


ae fh 
, BIL, ve 
4 
: ‘ 
a he ex p i 
re 7 4 0RG 5 
el 
” = 
44 
i Sih. Ae 
tb ge 
% 
eee! a, 
t 
' he rs 
Val & 4 
malt iy 
t ghay oy 
» © 
= ; 
? y 
‘ aj« 1a” 
J 1 B-Tee 
ry 
‘4 bee tuner. 5 
. Ve * 
‘4 4 | 
, ‘ Ms 4 . 
ABMS het Pr, Z 
oy fies 
sei, 4 Laas O44 9 
u 
‘ - _ 
ao = & < ast = ye 
Os C - 
9 ee i. 
ev fas a 
* 
F imi a 2 
‘ nd PP oe oe a 


s & 
{ Fie | 
ih bh 


oOo Ws 


aD 
? 


7 


upright element, probably because of wind vibration and breakage 
at the bent join with the other legs; the lower tripod remains 
intact in these cases and is easily observed. Nos. 9 and 1 OF 
have collapsed completely, but are still fairly easy to observe; 
the location of these targets is suspect, since they may have 
experienced a few meters of local motion in finding a new arrange- 
ment of rest on the ice surface. The remaining ten targets were 
erect and apparently in good order. Because of limitations of 
time and terrain, no repairs were undertaken. Most of the targets 
should be visible for some years, even without repair, although 
accurate aiming information will be required to locate the ones 
with least mechanical integrity. 

Observations were made from the same two groups of stations 
(Instrument Positions) located and monumented in 1974. The “BN 


stations, located near M&CE Station 67A206 and oriented by ref- 


erence to it (74Bi, 74B2, 7433, 74B4, ST206) were originally 
assigned coordinates computed from known Universal Transverse 
Mercator Parityene: these coordinates probably correspond with 
good precision to the UTM grid; no more than a few seconds of 
otational error nor £ ca. 5cm translational error should occur. 
The "A" stations are less accurately determined; in 1974 they 
Nere assigned coordinates on an arbitrarily oriented grid for 
lack of accessible UTM references. Additional reference obser- 
vations in 1975 permitted rotation and translation of the arbi- 
crary coordinate system to fairly good correspondence with the 
ITM grid; disagreement larger than ca. 1.5m is unlikely (for 


stations 7441, 74A2, 74A3, 74A4). Within both groups, stations 
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are located with respect to each other within error limits smaller 
than 2 or 3cm. Tables I and ITI give Instrument Position data for 


both 1974 and 1975. 


Horizontal Position and Movement of Steele Glacier Targets: 

Tables III and IV present all coordinates determined for 
Steele Glacier targets in 1974 ana 1975. Several minor defic- 
iencies should be noted: a) the fuel drum marking the 1973 site 
of Peophy sical drilling could not be found in 1975; ©) Target 
No. 12 was not determined in 1974 so annual motion cannot be 
computed; c) the location given for Target No. 11 is almost 
certainly in error either in 1974 or 1975; because this target 
can be seen from only two Stations, no cross-check is possible 
to decide which determination is incorrect; d) Target No. 8 is 
determined by sight-lines intersecting at very small angles 
and the target is more distant from the stations than average, 
also its line of motion is parallel with the long axis of the 
"ellipse of error," so that unreliability of motion determina- 
tion f this case is unusually large; little weight shoulda be 
Given to either movement or strain rate measurements involving 
the apparent change in position of this target. In all other 
cases, accuracy seems to be good and probable errors generally 
Smaller than £ 3m to im. 

Table V summarizes measurements of all target motions in 
‘the interval between the two Surveys. Horizontal movement in 
the area observed appears to be generally less than 5m; targets 


7, 8, and 10E exceed this by amounts probably significant in 


Page 4 


terms of general measurement accuracy, but the special case of 
No. 8 has already been discussed. No reason to doubt the other 
determinations can be Gould in the survey analysis. The large 
apparent motion of No. 11 is suspect, as previously mentioned, 
but could be real, in consideration of the fact that this tar- 
get is directly across from the Hodgson Glacier and could be 
influenced by residual motion from that source. The traverses 
across the glacier at positions 4 and 10 exhibit the pattern 

of greater motion nearer the glacier midline expected in normal 
plastic flow of valley glaciers. 

Casual inspection of movement data in Table V reveals a 
general trend (expected) of decreasing movement down-glacier, 
The data appear adequate for at least a rough analysis of 
longitudinal strain rates: these are presented in Table Vie 
Strain rates are consistently small and positive (compressive) 
with the single exception of the measurement between targets 
8 and 9; the anomalous extensive value here reinforces suspicion 
of the measurement accuracy of Target No. 8, as no other explan- 
ation is immediately obvious. No clear trend of increasing or 
decreasing strain rates emerge from the data. It seems clearly 
justified to conclude, however, that the general pattern of 
strain rate Eon out the targeted portion of the glacier is 
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Vertical Movement of Steele Glacier Targets: 
Deviations from the mean of individual target altitudes 


easured in each set of observations gsenerally average ca. 0.2m 
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or less throughout the Survey and consistency of Vertical méeas- 
urements between: years Seems good; accuracy can be considered 
generally better than + 0.2m probable error. Apparent verti- 

cal motions obviously attributable to loss of the target's top 
3-05m leg, or to collapse of the whole 4.15m tetrahedral struc- 
ture onto the ice surface have been corrected out of the results 
appearing here. Because of the small surface Slope of the 

glacier and the small horizontal motion encountered, vertical 
movements attributable to the downhill component of Slacier flow 
are probably smaller than measurement error and are not considered, 

Tables V and VII show vertical target motion and estimated 
ablation through the Surveyed area. Target No, ti 28 OL con 
Sidered, because of the probability of inaccurate measurement, 
The data are taken to reflect ablation of ice from the gslacier 
surface, upon which the targets rest, and some possible small 
residual melting-in of the target legs. This last amount is be~ 
lieved to be small, no more than 0.10 to 0.20m; the target legs 
Characteristically melt into the ice by about 0.3m, and most of 
this settling had been accomplished before the sob Rope wl Survey, 
@s all targets had been Standing one to three weeks before obser- 
vations began, 

The data show a clear trend of increasing downward target 
displacement with time in the down-flacier direction, expected 
@s ablation should increase in that pattern. In Table VII the 
data have been smoothed by a three-point running average to 


yield a completely regular trend; it is believed that this 
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is a valid reflection of the trend in ablation, 

Under the heading "Estimated Ablation" in Table VII, two 
correction factors of opposite sign have been added (algebraically) 
to the running average values: a) possible settling of the target 
legs into the ice has been allowed for by adding +0.15m to the 
values, and b) -0.30m has been added to account for the vertical 
component of glacier flow. This last correction factor was arrived 
at as follows: assuming that linear compression at the average 
rate of 1.14 x fiom yr7! affects the equivalent of the upper 200m 
of the glacier ice, then any vertical column of ice must be exten-~ 
ded upward by 200m x 1.14 x 4073 each year to conserve mass, or, 
the glacier surface would rise by ca. 0.3m annually, disregarding 
ablation, as a result of ae glacier's small ice flow. Both of 
the above corrections are small and partially cancel, both are 
necessarily rather arbitrary estimates; since they affect the 
results relatively little their inclusion is probably of smell 
Significance. The ablation estimates are considered to be reason-~ 
ably valid as general values for the measured portion of the 


glaci ol saa 


‘Observations of “Hazard Lake"; 

A recognizeable rock in the outlet channel of the lake 

[was intersected from the "A" stations to yield the altitude and 

UTM coordinates. The lake surface altitude obtained is 1674.6m 
(MSL) and the coordinates of the outlet are E 543372.5 N 6792309.8. 


Six observations were made on the visible portion of the 
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cliff face of the lake's ice-dam, Some arbitrary judgement is 
involved in deciding just what constitutes the "top" of the cliff, 
a@ rounded and irregular feature at most points, but the measure- 
ments are fairly consistent and believeable: 26.31, 32.58, 32.14. 


25.80, 27.70, and 37.20 (meters). The mean of these is 30.42m, 


: of 9 
7% oh d Ps t a! ay Alt bia 8 ont “Yt bao 


xiw Iau, 2 satbbol a t be Ts 
iB : talyse7t! fe sate 


we JS tatenes Wit tot sta a: ‘ 
h } —* ‘ii 
boa! UGS om 


eaeie: Sey: I I a Ng a i TS ae oe ae ANS Seca Ae GR ah Ee elt och lH Vt ae Ch Uh De Ta Nak UP Ji on Sh tage Th A fa 


ALL ANGLES ARE GIVEN IN CENTESIMAL GRADS 
VERTICAL CORRECTION FACTOR USED IS 


(4006 CIRCLE) « 
-0650 M PER HORIZONTAL 
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1974 INST®UMENT POSITION COORDINATES AND INSTRUMENT ALTITUDES+ WITH COMPUTATION NUMBER 
_.. AND HEIGHT OF INSTRUMENT ies At 3 24 2ountAs or 
NO. IP NAME EASTING NORTHING ALTITUDE Hirde 
1 T4Al1A 542641.07 6790199.75 1925.05 SH 
Z eet oe 748?R  5426227,R4 6790149.460 1932.40 Sue 50) 
ee ee AIR 5 42641.07 6790199275 1985620 ee eee 
4 74A2R 542622.94 6790149260 1932.80 1,54 
ee. Soo) 4A9.— 8547595. 04 6790025el2 1973020  |,59 9 = 
eA 5 42635.00 - 6789989.50 °° 1947.75 
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STEELE GLACIER SURVEYS 1974 - 1975 


Summary of Target Motion 


TARGET HORIZONTAL HORIZONTAL VERTICAL 

NAME MOTION DIRECTION MOTION 
(meters) (degrees) (meters) 
rR Ny 2 270 -2.62 

4 1.24 016 -3.16 

4A 0.93 304 -3.42 

4B 1.80 234 — Gia 

Te Zs? 002 -1.08 

Ap 0.64 240 -2.42 

5 4.15 338 -2.44 

6 pas Ve B24 -1.62 

2 8.42 393 -2.18 

8 10.45 Bia -1.65 

oe 3.92 086 =1.35 

10 4.12 cise -1.36 

10E 6.14 000 Bok rar eo 

j OF 37.00 259 oe 

1.0G 2b Gio! ~2.02 

11" 37.66 023" +3.81" 


*Probably a large error 


Target #12 was not observed in 1974 
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TARGET DISTANCES BETWEEN TARGETS AS (m) pane A o73 
NAME 1974 s (m) Vero 2 (m) cae yon a. * eh 
ea wire 
1695.59 1693.38 ae al Fie 30 
as on 
837.06 836.46 0.60 Ose e 
ee 
901.77 898.76 Sabah ee eye: 
ee me as 
1439.42 1436.40 Ber $250 
LS 
ie Se wage 1958.04 -6.91 3.54 
a 
2291.97 2288.68 2.69 #1.17 
10 -~-~~------ 
Mean of Longitudinal Strain 
Rates in Study Area: ee teh x 4072 yr71 
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STEELE GLACIER SURVEYS 1974 - abe Se" 
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Longitudinal Strain Rates 
Sa eat train Rates 


Positive signed strain rates are compressive 


and negative extensive, 
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STEELE GLACIER-SURVEYS 1974 - 1975 


Average Vertical Trends 


TARGET VERTICAL RUNNING 
NAME MOTION (m) AVERAGE (m) 
3 -2.62 

4 (mean) -2.46 -2.50 

5 -2.44 -2.23 

6 -1.82 -2.14 

7 -2.18 -1.88 

8 -1.65 ote? 

9 1.35 -1.47 

10 (mean) -1.42 


Estimated Ablation 


TARGET ABLATION (Corrected for target settling 

NAME ESTIMATE and compressive surface rise) 

6 . 2.770 

4 (mean) 2.65m Values given show vertical meters 
of ice ablated between surveys, not 

5 2.38m corrected to water-equivalent. 

6 2629m 

(3 2.03m 

8 4 .88m 

9 4.62m 


10 (mean) 1.57m 
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